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Introduction
The U.S. Geological Survey (USGS) maintains approximately 148 real-time streamgages in Iowa where daily mean streamflow information is available. A variety of individuals from water resource managers to recreational users rely on streamflow information in their planning and decisionmaking. Often there is a need for daily mean streamflow information at locations where there are no streamgages. To address this problem, the USGS in cooperation with the Iowa Department of Natural Resources evaluated two statistically based methods and two physically based watershed models for estimating daily mean streamflow at ungaged locations within the Cedar River Basin, Iowa. The two statistically based methods are the Flow Duration Curve Transfer method and the Flow Anywhere method, and the two physically based models are the Precipitation Runoff Modeling-System (PRMS) and the Soil and Water Assessment Tool (SWAT). This report compares the results of these methods and models developed to estimate daily mean streamflow at ungaged locations within the Cedar River Basin, Iowa. The two statistically based methods are presented in one report (Linhart and others, 2012) , and the two physically based models are presented in two reports (Christiansen, 2012; Hutchinson and Christiansen, 2013) . Although the two statistically based methods were developed for estimating daily mean streamflow at ungaged locations for the entire state of Iowa, the two physically based models were specifically developed for only the Cedar River Basin.
Study Area
The Cedar River Basin extends from its headwaters in southern Minnesota to its confluence with the Iowa River in southeastern Iowa .The Cedar River is the largest tributary to the Iowa River with a drainage area of approximately 7,815 square miles ( fig. 1) (Iowa Department of Natural Resources, 2006; Squillace and others, 1996) . Four of the 10 distinct landform regions in Iowa are present in the Cedar River Basin (Prior and others, 2009) 
Comparison of Methods and Models
Observed and estimated streamflows for the two methods and two models were compared for goodness of fit at each of the streamgages (table 2) by using the Nash-Sutcliffe (NS) (Nash and Sutcliffe, 1970) and the percent bias (PBIAS) efficiency values (Gupta and others, 1999) . The NS value is a measure of how well the method and model estimates match the observed values. NS values range from -∞ to 1. Values of 0.0 or less indicate unacceptable model performance; a value of 1 indicates a perfect fit between observed and estimated values (Moriasi and others, 2007) 
Method and Model Results
Observed and estimated hydrographs of the daily mean streamflow for the two methods and two models for the streamgage 05464000, Cedar River at Waterloo, Iowa (see location at fig. 1, map number 11 fig. 3A) show the observed as compared to the estimated daily mean streamflows appear to be a combination of underes- timated and overestimated streamflows computed from the method, but overall, the estimated daily mean streamflows from the method are underestimated. A visual comparison of observed and estimated daily mean streamflows using the Flow Anywhere method ( fig. 3B) indicates that, for the most, part daily mean streamflows are underestimated. For the PRMS model ( fig. 3C ), daily mean streamflows are underestimated, especially at low flows. For the SWAT model ( fig. 3D ), daily mean streamflows appear to be underestimated at very low streamflows and overestimated at higher streamflows; in general, the PBIAS results indicate daily mean streamflows are overestimated. On the basis of the NS values for the Cedar River at Waterloo, Iowa, streamgage 05464000, the PRMS model appears to provide the best estimates with the highest NS value of 0.87, whereas the Flow Duration Curve Transfer method appears to provide the poorest estimate with the lowest NS value of 0.43. On the basis of the PBIAS values for the same streamgage, the PRMS model appears to provide the best estimates with the lowest absolute PBIAS value of 7.4 and the SWAT model appears to provide the poorest estimates with the highest absolute PBIAS value of -26.1. On the basis of both the NS and PBIAS values, the PRMS model appears to provide the best prediction of streamflow for the Cedar River at Waterloo, Iowa, streamgage 05464000.
Conclusion and Discussion of Methods and Models
Based on median and mean Nash-Sutcliffe values for the 13 streamgages modeled in the Cedar River Basin; the Precipitation Runoff Modeling-System and the Soil and Water Assessment Tool models appear to have performed similarly and better than the Flow Duration Curve Transfer and Flow Anywhere methods. Based on median and mean percent bias values, the Soil and Water Assessment Tool model appears to have generally overestimated daily mean streamflows, whereas the statistical methods and Precipitation Runoff Modeling-System model appear to have underestimated daily mean streamflows. The Flow Duration Curve Transfer method produced the lowest median and mean percent bias values and appears to perform better than the Flow Anywhere method and the Precipitation Runoff Modeling-System and the Soil and Water Assessment Tool models. It is likely that no one method or model out-performs other methods or models for all magnitudes of streamflow (high, low, or mid-range streamflows). A more detailed study is needed to determine which methods or models will perform best at specific magnitudes of streamflows. For estimating very large streamflows with exceedance probabilities of less than 1 percent, the Flow Duration Curve Transfer method is not applicable because these streamflows are outside the computational range of the current model. The Flow Anywhere method is limited to estimating streamflow for basins less than 5,500 square miles (Linhart and others, 2012) . The Precipitation Runoff Modeling-System and the Soil and Water Assessment Tool models are limited to estimating streamflow for only the Cedar River Basin.
